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Sir; 

mCLh mTIOl^ OF JOHN G. CARMAN UHDER 3? C.F,R. ^ ...1,132 
JOHH G. CARM^H hereby declares as follows: 

X. That he is the iriventor of the in^fentio-n desGribed and 
claimed in the above- identified O.S. Patent J^pplication 
(hereinafter., ""the application" ) ^ which is a continuation of U.S. 
Serial Ho. 09/018,875, filed February 5, 199S, which claims the 
benefit of U,S< Provisional Application No. 60/037,211, filed 
February 5, 1997. 



2. That he received a B.S. from Br ighaiti Young University in 
1976;, an in Botany and Range Science from Brighairt Young 

University in 1$1B, and a Ph.D. in plant genetics from Texas Am 



Unl'^ersXtY in 1982. 



Assistant Professor from 1982 to 1988, as ari Associate Professor 
from 1988 to 19S7, and as- a Professor of Plant- Genetics from 1997 
CO -the present at Utah State University^ Logan, Utah. 

4 . That he is the author or coauthor of more than 34 
refsreed jouraal articles, 9 ohapters in books, and that he has 
delivered jsany invited presentations at national and international 
scientific sssetings concerning his discoveries in the- phyiogeny> 
einbryoiogy, ecophysiology, develppmental 'biology, and genetics of 
gajaetophytic apojrdcts. 

5, That he has condacted experiments according to the 
methods for producing aporriictlc plants described and claimed in the 
application, which eKperiments are described and sUiHuariEed as 
follows . 

f^aterials and Methods 

SlMht Hat er la Is . Sorghmif Tripsscum, and Ante.nn=sria lines 

used in this stady are listed in Tables 1, 2, and 3, respectively. 
These plants vfere grown in greenhouses., growth charribers^ and field 
plots using standard procedures. 
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Phenol ocv and Eaibryoiogy. Photoperiodism reqairesients for 
flowering for ail lines coliected were compiled, a^d additiorir^i 
phot, ope r odiss- data were obtained from qreenhoiJSc artd field 
observations Dy noting days to flowering from planting iSox'ghuu;) , 
days to flowering from the end of vernalizaticm iAatennaria) , and 
days zo flowering following transfer from xioninductive to inductive 
photoperiods (Scr^/h/j^r;, rripsacujn and Antenriaria) , 

Pistils for emt>ryologrcal analyses were cleared and analyzed 
using differsntial interference eontrsst (DIC) microscopy {U.D. 
Feel et al,, Meiotic Anomalies in Hybrids Between Wheat and 
AporJiicuic riyjKus rsctisetos (Nees in Lehm.) A, Love & Connor 37 
Crop Sci . 717-723 {199?) (of record in the present application.) ) , 
For Sorg-hum and Trxpsacunif integument and ovule lengths were 
recorded at the dyad, te-:.rad.. t;inct i cr.a^l mecaspore, ana I -niicle&i-.e. 
2-nacleatef g~nucleate, and snarure embryo sac stages iFig. 1) for 
all parent lines (Tables 1 and 3) . For Antennaris , integument and 
ovule lengths were recorded at the dyad, the 2~nuclea:te;, and iRature 
e/abryo sac scages -Fig. 1^ for all parent lines (Table 2). 
Surviving Tt>sg-5spores were classified as functional megaapores after 
they had initiated rapid enlargement? the functional megaspore 
srage was considered in this study to be the first stage of active 
e;rlvryo sac formation. Functional megaspores with one r^ucleus were 
classified as 1 -nucleate embryo sacs if they contained one or more 
large vacuoles. Eight -nucleate embryo sacs were considered mature 



aaibryo sacs if the egg apparatus was fuliy fomed and the polar 
nuclei were fused . 

For eacn Sorg/aas),- Tripsacum, and Ant&nnaria parent., inner 
integmaent lengths at the dyad stage (MS, for ??iegasporogenesis ) 
were expressed as percentages of the mean inner integuifient length 
at maturity. For Sorghxm and Tripsacim, mature inner integument 
lengths for these calculations were obtained by computing the r^isan 
of the median and all larger values for the B-nucleate e;Ti.bryo sac 
stage (enlarged S~nucleate embryo sacs) . Inner integument length 
values at the mature eitODryo sac stage for Sorghum and fripsaciiSi 
were not used., because they tex^ded to be smaller than those 
obtained from enlarged 8~nucleate eiobryo sacs. Essbryo sacs of 
Sorghum and Tripsacm expand laterally during the latter stages of 
their rnaturation, which causes the integuiRsnts to appear shorter 
(Fig. 1),. 1-e. they curve back toward their origin. For 
Mitennaria, mature integument lengths (Mitsnnaria has only one 
integument) were obtained by computing the mean of the ijjedian and 
all smaller integument length values obtained from the mature 
e^sbryo sac stage. 

For Borghm and TripsaQm, the beginning of en:sbryo sac 
forsuation was considered to occur during the latter half of the 
tetrad stage, HenGe, mean inner integument length at es^l^ryo sac 
initiation (ESX) was considered to be the average value of the 
mediari inner intsgias\ent length value at the tetrad stage combined 
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vfith all inner integument length values larger than the median at 
the tetrad stage, Integuxnent length values at the tetrad stage 
x^ere exp^ressed as percentages of mean inner integuaant length at 

For MtBun&riat early embryo sac fonnatioB (EES) vsjas used 
instead of ESI and was considered, to occur during the beginning 
half ox the 2--~n.ucieate errsbryo sac stage. Kence, mean integument 
length at the EES swage was considered to be t.he a^'erage value oi 
the median integaaaent length value at the 2 -nucleate erabryo sac. 
stage coxoined with all integuraent length ^'■alues smaller r.h&n the 
median at the 2"-nucleate embryo sac stage. Integument length 
values at the 2~nucleate eisbryo sac stage were expressed as 
percentages of mean integxiaent length at integunient maturity (early 
mature eitibryo sac stage for Antennsria) , 

Five tra.it.s vfere used to clarify reproducti\''e differences 
between the parents of Sorghuiu, Tripsaaim, and Anteimaria hybrids 
produced according to the present invention. The first was 
photoperiodism (?} , For Sozghumf lines were classified as being 
derived fr;oir- either natural photoperiod insensitive (E%C; lines or 
from natural photoperiod sensitive (PS) lines. Soxrghm lines 
derived from ''conversion programs'' (lines converted from .PS to PI) 
were considered to be of PS origin and are labeled herein as 
photoperiod lnse.nsitive converted (PIC) . They are considered of PS 
origin because conversion programs generally alter only one of m^any 



raaturity loci (Y.R, Lin et al.. Comparative Ari&lysis of QTLs 
Affecting Plant Height: and Maturity Across the Poaceae in Reference 
r.o an I it-arspecif ic Sorghum Population, 1^1 Genetics 
(3995); W\L. Rooney &. S.. Aydin, Genetic Control of a Photop>er iod~ 
sensitive response in Sorghum bicolor ih.) Moench, 39 Crop Sci. 
397-400 (1999;; P.Q. Craufurd est- al., Adaptation of Sorghum; 
Characterizatior; of Genotypic Flowering Responses to Teir^perature 
and Pnotoperiod, 99 Tneor . Appl. Genetics 900-911 {1999}}. Inmost 
cases, aominance at the Ma, locus, which confers strong .PS, is 
converted to hornozygou^v recess ivenes? through introgression 
{hybridization and backcrossing resulting in near isogenic lines), 
which confers FI. Hence, alleles at many maturity loci of the 
original sensitive line are believed to be re-established through 
repeated i-iac!-:crossi ag of the conversion process ^Y,H. Lir. et al., 
sijpra,- vv,L, Rooney & Aydin, supra), and some of these alleles 
may have pleiotropic effects on ovule development. Tripmcms 
species are photoperiod sensitive long ^ay or short day plants, and 
Tru,nirju.ur=-days-to--f lowering varies among accessions. Aj-Jte.nr.aria 
species are photoperiod sensitive long day plants with highly 
variable requirea^ents for photoperiod length and miniisuin-days-to- 
f lowering. 

Differences in MS (d^^S) and ESI (dESI for SorgxiuB and 
Tiipsacum) or EES (dSES for Actenrtaria) constituted the second and 
t.hird traits used to clarify reproductive differences between the 
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parents of hybrids. The data were arranged such that dMS values 
were always p*oslr.:..ve, i.e, the MS mean from ::iie p&rent line tha:; 
was fi::.-.. r i^x'e .-s the OAVd S"ag6, .relative to ::"^Ov.ne;.i 
maturity) was subtract ea from the ^^S mean of the parent i.ine tnai. 
achieved the dyad stage when its inner integiiment ssas more mature. 
The same order of subtracitiein was followed tor dESI or dESS, i.e, 
r.«>-^ or SSi -^^alue of the parent line that achieved the dyad 
s;,aqe .r.:-«^ ^o,^^ eubtracted from the mean ESI or ESS value of the 
parent line that achieved the dyad stage last. In cha.s respect., 
ne^v^i-vV. dEES values indicate that the parent (cf a g:va- 
hybrid- -:..xs-'-. to achieved the dyad stage was il) last in^t^^ate 
embryo sac formation or reaob the early embryo sac stage, coxapared 
with the other parent, and (2) had a longer tetrad duration 
iSotsfhm or Txipsacim) or tetrad plus. 1 -nucleate embryo sac stage 
{Antennaris) than the other parent. 

the difference between the smallest parental ESI or EES value 
and the largest parental MS value of a parental pair (ESI or EES 
and MS values may be fxom the same' or different parents) was the 
fourth trait used to differentiate parent lines of hybrids. 
Negative ESI -MS or EES-MS values indicate that embryo sac formation 
is initiated or reaches the early stage in one parent before the 
dyad stage is reached in the other parent ^ e.g. see Fig. 2. When 
either SSI.~MS or EES -MS values are negative, the SSI or EES 
(smaliest SSI or EES ^-alue) a.nd MS (largest MS value.) values used 
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are always from diffsrent parents. Positive values of ESI -MS or 
EES-MS may inx?oive ESI or EES and MS values f rora the same or 
different parents > 

The difference in tetrad stage duration (dTET^ Sorg/?nss and 
TripsaciMi) or duration of the tetrad plus l-^ucieat^3 stage (dTETl; 
Axitenriaria) was the fifth trait used to clarify differences between 
the pasrents of each hybrid. The same order of subtraction was 
followed for dTET or dTEtl as was followed for dMS and dESl or 
dESS, i.e.f the mean TET or TETI value of the parent line that 
achieved the dyad stags first was subtracted frojri the mean TET or 
TETI value of the parent line that achieved the dyad stage last. 
In this respect J a negative dTET or dTSTl ^alue indicates that the 
parent (of a given hybrid) first to achieve the dyad stage remained 
in the tetrad stage longer than the other parent. In this respect, 
the tetrad stage represents a "waiting* period of varying duration 
prior to active enibryo sac formation. In general^ at least 10 
embryoiogicai measurements were jnade at each stage (dyad, tetrad^ 
etc,}. Means were generated and compared by one-way analysis of 
variance imOvh) , Differences between means were calculated using 
the Student-Hewsaan-Keuis method {Sigma Stat . 2.0, Jandel 

Apond.xis and other reproductive irregularities in hybrids or 
parent lines were documented. Apomixis in hybrids was correlated 
with phenological and erabrydlogicai data obtained from the parent 
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lines. Ph«3no logical and embryoiocical divergence ratings among 
parent lines that produced apomicts were characterized. For 
AfttejinariSf phenograms derix?ed from morphological,. isosvirdc, 
ecological^ a,nd ITS sequence data were studied ro furrher identify 
genetic and ecological variables responsible for apomlKis evolving 
in this genus. 

Mfclifii.SiitiS3:D and genetic verification . Standard 

hybridi^;ation procedures were used to make crosses within Sorghum 
and Tripsacumf and immature hybrid embryos were excised and grown 
aseptically on ^$ or MS a-^edium (J< Berthaud et al., Tripsacum: 
Diversity and Conservation^ in S, Taba., Maise Genetic Resources 
(CMYT 1995). For Antenn&riaf pistillate plants %^ere isolated by 
placing pollination bags over the entire capitulescence. 
Pollination was accomplished by r-abbing receptive pistillate 
Inflorescences together vfith staminate heads at anthesis. 
Unpoliinated control capituiescences were used to verify absence of 
apoiRixi-s of parental clones. Using stsndard procedures;, hybrid 
Anten.'jaria seeds were asepticaliy genuinated {without 
vernalisation) on MS laedium three weeks to three months following 
pollination. 

In rsiost cases,, hybrids were readily recognised as 
intermediates between the pistillate and staminate parents. 
Ho^-ever> some of the hybrids produced among Tripsacum species, 
which are generally self iBcompatifole^ were produced by open 
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poliinaT:ior: in a USDA quarantine greenhouse. Since a iijaited 
nuKiber of pollen parents >/are availsfoie for hybridization, DHA 
tests were conducted to deterKtine paterrsity and coniirn n^ateicriity , 
This was accoixiplished by evaluating alleles found in the hybrids 
and coraparing z\mxix with alleles foand in the purported parents. 
Material /exit ries consisted of 14 Txipsacum lines that were screened 
¥;.xth 18 inrorraacive a-icrosatei 1 ite (simple sequence repeat,. 3SR; 
markers. The DHA xoi testing came from the individual plants (leaf 
saiTiples) ox each entry. Data were generated on an ABI PrisitP 377 
DNA sequencer and were presented as alleles scored as estimated 
fragment sizes in base pairs compared to sizs standards or 
controls. Accuracy of the scoring is reportedly 0.67 base pairs 
with reproducibility from the same DNA source of 0,99 t/~ 0.01. 
These analyses were conducted independently by Cslera AgGen, Davis, 



Scrahugiv Twelve Sorghum lines were chosen that differ in 
geographic origin and in their floral responses to photoperiod 
(Table 1) . Regardless of photoperiodism, ail lines except 9-2 
reached ivhe dyad stage at about the saisHv time relative to 
integuTj:.ent maturity (Figs. 3 and 4). The exception,, line 9-2, is 
of the caudatum race (J.M.J. De Wet^ Systematics and E\roIution of 
Sorghvm set Sorghm (Sramineae) , 69 Arru J, Botv 4T7~48;<; (1978) ) and 
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is photcperiod sensitive. Neither of these traits is unique a.T=ong 
the 12 accessioi^s studied (Table 1} . However, 9-2 is unique in 
that it flowers very quickly under short day conditions^ and this 
traltf ?5i.iriiKium-tititie-to-fiowering (see P.Qv Crauf urd et al < ^ supra), 
may in some way contribute to its distinct delay in onset of 
xneiosis.. Of S330 accessions tested by the USDA (http.; / /^M^^^Lii:! 
arjji^Llim^^ ^ 5-2 reached anthesis 

in the shcrtesv. tinie (20 days). ?.ccession 9-2 (ruuuii^lilk;i;.vl,'jyjir, 
OILiilJlo^Lic^^ ..pl ?accid^aai.v:a) was collected 

in 1954 f roTT; the Rainlands Research Station, Wad-t^edani , Sudan, and 
donated to the USDA by 0. J. Webster, USDA~ARS, Crops Research 
Division r University of Nebraska, Lincoln, 

In contrast with the dyad stage {Fig» 4} f much divergence 
arsiong lines was obssr\^ed for percentage integuraent maturity at the 
onset of ersihiryo sac forination (Fig. 5) . This variation was largely 
responsible for distinct differences among limes in tetrad duration 
(Fig. . In this respect, some lines, such as 1-1, 1-2, and 9-2, 
experienced only a brief tetrad stage before initiating e.mbryo sac 
formation, while other lines, such as 2-1, 9-1, 6-1, and 4-1, 
experienced a long tetrad stage (Fig. 6) . 

Apomictic embryo sac formation was not observed in parent 
lines (Table 1) even though >60 pistils of each accession (>120 
pistils for most accessions)- were eiabryolagically characterized 
during stages diagnostic for apomixis (functional megaspore through 
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2~r4ucleate embryo sac stags) , In contrast, both aposporous and 

diplosporcus en^^ryo sacs were observed in hybrids produced among 

certain parent lines (Table 4; Fig. 7). 

Apomictic embryo sac formation was nearly entirely restricted 

to hybrids heterosygous for {!) genes controlling photoperiodista 
(photoperiod sensitivity genes and. rainimum~time-to- flowering genes> 
see PvQ. Crauxurd et al<, svspra) , (2) genes controlling time of 
oniset of megasporogenesis relative to gross ovule development, and 
(3) genes controlling time of onset .of embryo sac formation 
relative to gross cx'-uie development (Table 4). 

Diplosporcus ersbryo sm formation (Fig. 1) tended to occur in 
hybrids heterozygous for photoperiodism and for genes regulating' 
onset of meiosis and etsbryo sac fGrmation sach that d!^S was large 
and ESI-MS was small or siegative (Table 5) , In contrast, 
aposporous ernbryo sac formation. (Fig. 7) tended to occur in hybrids 
heterozygous for photoperiodism and for genes regulating onset of 
Hjeiosis and embryo sac forraation such that dESI and dTET were large 
(Table 5) > 

By applying the methods of the presently claimed invention to 
Sorghum geriaplasm, apomictic Sorghum hybrids (17% of pistils 
containing apomictio erabryo sacs, hybrid ISA, Table 4, Fig. 7) were 
produced from parent lines that do not produce apomictic exsbryo 
sacs ^ 
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Trinsscum , Photoperiod sensitivity and minimum-tima-to- 
flowering are highly variable traits in and among fripsacaffi 
species. In general, texrsperate zom T, dactyloides from i^he great 
plains of Morth iUaerica are long day plants that flower in the 
early sussraer. In contrast, tropical forms of T. dactyloides from 
.Meaoamerica and Central and South America axe short day plants that 
flower in the late fall. Most other Tripsacum species are short 
day tropical plants, and miaimum-tiTae-to-f lowering under 
photoperiod appropriate conditions varies substantially among them, 
e.g. diploids of T, pilosvim flower £0 to 30 days before diploids of 
T. iaxias and T. bravum. Based on the results described above with 
Sorgbm, diploid sexual Tripsacum divergent in photoperiod 
responses were predicted to be well suited for c«>nveraion to 
aposiixis provided that they also possess sufficient temporal 
variability for megasporoganesis and ©ssbryo sac fo.rmation. 

Diploid sexual T. zopilot&nss initiates meiosis and embryo sac 
formation, relative to pistil length, xaore quickly than diploid 
sexual f. dactyloides dactyloides (Table 6) . Furthermore, diploid 
ses^ual T. dactyloides meridionals and f. pilosam initiate meiosis 
quickly but embryo sac formation appears to be delayed (compare 
Table 6 with B'igs. 8-lQ)., 

Values ox: dMS and SSI-MS for the parental pairs T. dactyloides 
dactyloides {m-2A3S) / T. fioridaiiuis (MIA 34719) and 
dactyloides dactylai<Ms im 1253) / T- floridanmi (MIA 34719) were 
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calculated from Figs. S- and 9 and were essentially the same, 
approximaitely X4.5 and 3»0> rsspsctlvely. Furtherniore , flowering 
occurs in long days in Wk'-2435 and W 1253 but in short days in MIA 
34719 (the aonmon parent). Thus, in hybrids produced from these 
parental pairs, exnbryo sac fdrmatidn signals, whicb confer 
competence for e^ryo sac foriaation to ovular tissues; should 
v^eakly overlap (ESI-MS « 3>0) with roegasporogenesis signals.^ and it 
was predicted that this should cause infrequent diplospory. Higher 
frequencies of diplospory are predicted to oocur when ESX-MS values 
are lower or negative (discussed above), The large dESI values 
{S--13.5) for these parental pairs suggest that aposporous eaibryo sac 
forrsation flight also infrequently occux in hybrids produced there 
frora- Three hybrids, 8xFCD, FK^m and SBjcFAI, were produced froia 
these parental pairs. Of the 31 pistils analyzed at appropriate 
stages ittam the functional megaspore stage to the 2~nucleate 
embryo sac stage), five (16%) were developing diplospcrously and 
one (31) contained an enlarged aposporous initial |B'ig. 11). 
l5orm-sl sexual devslopinent was observed in all appropriately-staoed 
parental pistils (50 WW 2435 pistils, seven WW 1253 pistils,, and 44 
MIA 34719 pistils). 

The highly-sexual Morth i^^merican diploid T, dactyloides and f. 
fioridanuis^ which ^ere used as parents in the hybrids just 
described,, were considered ideal forage grass candidates for 
validating the presently claimed invention by conferring apomixis 
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to them. J^ear obligate to obligate apomixis in Tripsaousi can be 
achieved by (1) identifying additional photoperiodisxri and 
eiiibryological variability among the sexual Tripsacum diploids. [2) 
hybridisincf the more divergent forins with each other or \<<'ith the 
weakly apo-rr.ictic products discussed above, (3) doubling the 
chroxTiosomes of the resulting hybrids, which intensifies aposiizis 
express! en. and (4) optionally backcrossing or hybridizing with 
additional lines to produce sexually sterile but aposractically 
fertile criploids. These methods of inducing and intensifying 
apomixis expression may be applied to {!•) naturally occurring 
facultative aponiicts, (2; facultative apomicts that arise froiu 
sexual or -.weakly apojrdctic lines fortuitously in breeding programs 
(see the follo%-?ing exar&ple) , or (3) facultative weakly apoiaictic 
lines that are derived intsntlonally through the methods of the 
present patent - 

Kctv.ia^^y-occarri.na weaUy apomictic aiploids ,proDab:> 
o^'-a^lo^ds of Me«*oamer-.can origi'" were corsioered xaca3 cane a„t-<^ 
",0 ^ ores-^nti^ c' ned mxtiticn ds syn* e<.„;i"": 
-^o, ^ct.c ^j.>p--^as froxr sexua^ ai.a or wt...Ki> apo.^..t3.c 

diploicis . 

--.?'sacu. J:>r&rum, T. l&xuu ana pilosm form agamc 

^ . - ---V -^aos, aru '-acn occurs at the sexual 

Cvv^.^^i an ^o->...~c -^c ploir^ levels. However, unlifce the f. 
JjiCTy^c.dos^ .^caiiu- complex, aipluxds amoag these smaller agatrdc 
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coiisplsxes are rare (J- Berthaud et al^ supra) < 
diploids, including diploids of T. bravmi, T, pliosam and T. 
dactyloides have been classified as sexual (B.L. Burson et ai.,- 
AporjdKis and. Sexuality in Eastern Gamagrass,. 30 Crop S.::!.- B6-89 
(1950} ; 0. Lebianc et ai,, Megaspojcogenesis and Megaga-retogenesis 
in Several Tripsacoia Species (Poaceae), 82 ^m. J. Bot. 57-63 (199S) 
(hereinafter, "Leblane ISSSc'" ) . However, the present studies 
M\dv:;ate that, weak aporrdxis occurs in diploid J\ laxum (accession 
76-916; " ox. 31 appropriately staged pistils were diplospo.rous) and 
diploid T. brawm (accession 57-652; 11 of 3.0 appropriately staged 
pistils -^v-re dipiosporoxss!: . These weakly apomictlc diploid 
crobabiy of dihaploid origin, i.e. they probably ar 
apomictlc tetraploids through reduced egg formation followed by 
parthenogenesis, and percentage functionality of their dipiosporous 
embryo sacs irsay be low (discussed below) . 

0. Leblanc et al.. Chromosome Doubling in Tripsacuis: the 
Production of Artificial, Sexual Tetraploid Plants, 114 Plant 
Breeding 226-230 (1995) (hereinafter, -Leblanc ISSSa'-'), produced 
artificial tetraploid Tripsacum plants by ohroitsosoae doubling 
t colchicine method; an interspecific hybrid produced between 
diploid T, laxam {possibly weakly apomictic) and diploid T. piloBvm 
iBlso possibly weakly apordctic) . The artificial tetraploids were 
analyzed for sexuality, and all of them were reported to be sexual, 
I'he Leblanc 1995a report indicates mode~of-reproduction was 
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determined for 10 to 25 pistils per artificial tetraploid hy a 
sucrose clearing technique alone. Absence of -more detailed 
cytological analyses probably led the investigators to believe that 
their artificial tetraploids were 100% sexual. It is important to 
note that the investigators at that time were corivinced that 
apondxis was caused by a siagie doiainant ^'apomixis gene" (0. 
LebXanc et aiv, Detection of the l^pomlctlo Mode of Reproduction in 
Maise- Tripsacusi Hybrids Using Maize RFLP Markers^ 90 Theor. Appl. 
Genet. 1198-1203 il$9S] (hereinafter, -Leblanc l&S^h"}). Hence,, 
they did not anticipate the possibility that hybridizinci two sexual 
diploids (devoid of the aposiixis gene) followed by colchicine 
doubling could produce waakly apoirdctic tetraploids. In fact., 
their purpose in producing this artificial sexual tetraploid" was 
to hybridise it with natural apoi^ictic tetraploids of ths same 
genus. the parents and progeny would t.hen be used in simple 
Msndelian analyses to map the hypothatical "apomixis gfene.'' 
In 1997r the declarant obtained clonal jfiaterial of one of the 
synthetic tetraploids analysed by Leblanc 1:995a. This plant, TS50 
(tetraploid sexual 50), was transferred with other Trlpsacim 
accessions (Table 3} to the OSDA quarantine greenhouses in 
BeltsviXle^ MD, Dxie to quarantine restrictions, the plants were 
kept in Selts%^ille, However, the plants were allowed to open 
pollinate, and imature seeds were sent to the declarant for einbryo 
rescue. Five progeny were successfully derived f.xom the open 
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Dollinated T3S0 inflorescences, and the paternal parent ot each was 
identified by DHA (irdcrcsatellite) analyses. The DKA tests 
indicated that the fathers were weakly aporuictic diploid T. lar.m 
{76-516; one triploid hybrid, TSSOxTLa) , weakly apoixiictic bravjjffi 
(57-652? two triploid hybrids, TSSQxTBa and TSSOxTBb) , and strongly 
apomictic {determined cytologically and by progeny tests., data not 
B.hown) tetr&ploid ijiterjXiedium (two tetraploid hybrids, TSSOxTIa, 
TSSOxTXb; (Table 7) . Three of these five hybrids^ TSSOxTIa, 
TSSpxTBa and TSSOxTLa) have flowered and have 'been analyzed for 
aporjdxis along with their parents. 

In contrast with the report of 100% sexuality in TS50 (Leblanc 
1995a) , declarant found this plant to be a moderately facnltatiye 
apomict. Its parents differ in photoperiodisis requirements for 
flowering {T, piMsutn flowers about 30 days earlier than laxum) , 
which is one of the three major criteria identified herein for 
inducing apomixis (heterozygosity for photdperiodism/ onset of 
uiegasporogenesis. and onset of eitibryo sac formation). 
Onfortunatfely, pistils of the parents have not been available to 
detenrtine differences in onset of megasporogenesis or embryo sac 
formation (they gro^ in Mesoamerica and are restricted by 
quarantine in the US) , 

l^early 50% of appropriately staged tSSO pistils {52 of 108) 
were forming diplosporpusly, and a parthenogenic eitibryo (large 
globular stage) was observed in one of several near jnaturs 



that TS50 has the potential of being a f-ally functional facultative 
apomict. Neverivaeless,. ail five of the plants that were recovered 
fron\ the open pollination cf TS50 ware produced sexually,- i.e. chey 
formed - as a product of a genetically • reduced egg fertilized by a 
genetically reduced sperm.. This: result suggests that the sexual 
embryo sacs of TS5Q are much more functional than cne dl prosperous 
ones, and this juay also be the case with diploids tihac proauce both 
sexual and diplosporoas eiabryo sacs. 

The hybrid TSSOxTIa (TS50 x f. inter^nedi u^n - a natural near 
oblicate tetraploid apoirdct) was more apomictic than its sTsother but 
less apoitictlc than its father. Only 11 of 16 appropriately staged 
pistils (69%) in the hybrid were developing diplosporously (Fig. 
11; - Nevertheless^ parthenogenic embryo development «as found in 
5 of 12 rxear mature preanthetic pistils (Fig. 11), which strongly 
suggests that TSSOxTIa is a fully functional facultative apomict. 

The fathers of the two triploid hybrids iTSSMBa and 
TS:>OxTLa} were the weakly apomictic diploid T, braxrum and T. laxuis, 
respectively. Though the fathers were mostly sexual, the resulting 
triploid hybrids were more apomictic than their mother and more 
apomictic than TSSOxTIa, TS50xTLa, which is a backcross derivative 
(To ia,5s:ujs / T\ pilcsuin //T. laxiiiti) , may be a near obligate apomicx . 
Six of 6 appropriately staged pistils were developing 
diplosporously (Fig. 11), and though older MMC were present (all of 



thejT! were much larger than ncnaal)., no functional dyads or tetrads 
were observed in the siTsali sainpie av-ailafoie froEi the first 
flowering of this plant. One degerierating terraxi was observedf 
which eiriphasises the negative infiusnce of triploidy on sexual 
fertility. h. sxnaller sample of pistils were available from the 
first flowering of TSSOrTBa, This plant also showed no signs of 
sexual do\^eiopment,- ordy ■ a few huge mature HMC (probably 
diplosporous) and a few iamature; MHC. Hence, by applying the 
xnethods of the presently claimed invention, apoKtictic expression of 
a f ortuitdusly-prodaced .. and unrecognized weakly apomictio 
tetraploid Tripsaaum hybrid (TS50J was greatly enhanced^ 

knt^an&rla. The eight Ante^iJiaria species used in this study 
were chosen because they represent divergent ecological habitats 
and photoperiod responses (Table 2) . Analyses of these species 
revealed greater embryologicai variation than vfas found in the more 
ecologically restricted Sorghum sample. In Sorghum^ all lines 
except S~2 reached the dyad stage ac abouv. r.he san^-a r.ii'De (Fig. 4). 
Note that the high dMS and low or negative ESI-MS vsJc-eSf which 
were associated with dipiospory in Sorghum hybrids {Table 5), 
occurred in the S-2 containing parental pairs (because of 9-2) . 

In conurast with SorghuMf variation in tirning of n-seiotic onset 
(MS) in Antennaria was extensive (Fig. 12). This variation, 
coupled vfith that observed for EES and TETl (Figs. 13 and 14), has 



profeabiy peraittad phyiogenetically frequent evoiutlon of 
dipiospcry in Antennaria. Naturally occurring dipiosporous 
polyploid A. rosea appears to have evolved many times throiigh 
hybridisation among sexual A. corymbasa, A, microphylla, A. 
pulahell^ (a close relative of A. corymbosa) and A< usj&riiieila 
{E.J- Bayer ^ Patterns of Isozyme Variation in the Antennaria rosea 
(Asteraceae; Inulsae) Polypioid Agaiaic Complex, 14 Systematic Bot, 
380-397 (1989}; R.J. Bayer^ Evolution of Polypioid Agamic Coxrvpiexes 
with Ex,aKiples from Antennaria (Asteraceae) , 132 Opera Bot . 53-65 
(1996))- Farther evidence for the frequent origin of A. rosea in 
nature ia found herein. I^ote that dMS and SES-MS values for the 
parental pair A. corymbcsa/A. ambrinelld were 35. 5 and negativs 
5.5, respectively (calculated from. Figs. 12 and - 13), For A. 
corymbosa/A. Bicrqphyllar these values were 21 and 9, respectively. 
Based on Table 5, diplospory is expected to be frequent mong 
natural or artificial hybrids (and more tteqnent among amphiploids) 
produced frcmi these parental pairs (especially the former}. These 
erjibryological implications collaborate the genetic irapllcations 
reviewed by Bayer., supra^ with regard to the hybrid origin of 
apomietic A- rosea. 

Apoaiictic ejidsryo sac formation was hot observed in over 100 
pistils analysed of each diploid sexual Antennaria species (Table 
2), However, low frequency apomiscis was observed in two A. 
coryssbosa >: A. racemosa hybrids, which are the only Antennari& 
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'-sic^r -ii- ^ ^rDdac--a " at "-^v^ Tloweied to aatc. ■^"^^ D^xe'- v. 

w*»a-'a.\ rDvT^ct-.c '"VDrids cor ca^nea dapi-ospcrojs emb'^>c 5«v.. o 
apcsporo^s* ..^t^ais fearo.^ &*ages cf ^^pospcrDas e'^^irxc 
lomatio" i.1 aoou^ 7% ana S% of their pistils, respecr^ve^^ Fxc;, 
15). 

Only low frequency diplospory^f if any-, was expected in the 
nvo-idj. De^arse of tac low dMS (6,7) and high EES-MS {23-3} values 
1 tiiC Inspect we o::rent.al pair (calculated frcsm Figs. 12 and 13) , 
*v cor. *»st the tioierately high dESS value for this parental pair 
1 13 o ugoe'=i*-s heat signals for. eitjbryo sac formation in the ovule 
^ " - er longer than normal period of time. Such 
s^Q-c-S v^o-^r- o ^»-*\c caused one or more nucellar cells, t'.'hich are 
on*^ ce^l ^ayer thick in AntennariBf to enlargef i.e. to become 
vvospcron*^ r.itruals la about 8% of the hybrid pistils (Fig. 15).. 
Suc^ s^q"a''^ ^v.x ^v. ^ also caused the three mieropylar laegaspores, 
which are .nonsaily progranaaed for degeneration, to persist longer 
than normal and to enlarge: as if they were young esrfbryo sacs (Fig* 
15) . This occurred in about 10% of the hybrid pistils and was much 
mere rarely observed in pistils frora the parent lines. This 
^'persistent tetrad-' anomaly is not considered apomlKiSf but it 
bsha'!?es in a 3t\anner similar to apospory in that cells other than 
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the surviving megaspore foacoiae gametophytized (J.G, Carman ^ 
Asynchronous Expression of Dupiicats Genes in aBgiospexing Msy Cause 
Apomixis, Bispory^ Tetraspory, and Polyeinbryony, €1 Biol. J. 
Linnean Soc. 51-94 (1997)). The aposporous initials and persistent 
megasporsSf which were found in a sample of about 120 pistils ^ dici 
not advariGe beyond the single htacleus stage. In contx'astj the 
diplosporous embryo sacs (about 7 %) became muItinuGleate. 

6. Therefore-, that using the methods, of the presently 
claimed invention apojrdxis was produced, or in some cases greatly 

increased^ in the monocotyledonous genera Sorghum and Tripsacum and 
in the dicotyledonous genus Antennaxia: (a) in Sorghum, both 
diplosporous and aposporoas esibryo sao foriRation were produced froia 
completely sejiual parent lines; (fo) in 2'r ipsa cuis and iLntennarla 
weakly apordctic plants were produced from coxripietely sexual parent 
lines; fmd (c) in Tripsacum highly apoaiictic lines that were 
clearly partherjogenic were produced from weakly apomictic lines. 

The undersigned declares further that all statements made 
herein of his own knowledge are true and that all statements made 
on infortuation and belief are believed to be true; and further that 
these statements wex-e made with the knowledge that willful false 
statements and the like so made are punishable by fine or 
imprisonment; or both, under Section 1001 of Title 18 of the United 
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mmt&M Coa«i and that saela willful faise ^t&tementis mf -^mop^r^t^ 
th« velidity 0f tiie sppiication or any p»t««ts issising thereon. 
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embryo sac, funicuius and integument de 
Antennam rosea. Note that rnegagan^etoas 
j») beTong the dyad stage is reached in A. < 
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Figure" \ >■ . V -s-atjse- D me" n^Lgur cit ifsgt at the megasporocyie (MMC) ayaa, and 
.2-nuc fcw'.^ ^ ^ 3 . lu^. ;::,C eges tc" tw^. SorgiKm -^coiof itnes Note that the dyad stage occuf^ 
&ar1.i$- <^'^ sas .,i 9-2 ' abe t • ssssidbva to integ>jment rraiturity (corrtpare WJtJi Fjg 4) 




5-1 2-1 7-1 7-3 9-16-1 VI 1-2 3-t 4»1 5-2 9-2 
Sorghum line 




' Intsgument tenjfth at 
embryo sac initiation 



1-2 1-1 T-3 §-2 7-1 5-1 3-1 2-1 m 9-1 e>1 4-1 



(:r SE) at &mbn'o sac initiation (ESI, en- 
Table 1 for accessiosi iderstifica- 



Flpum P8?x^ntags integument maturity' (- SE) a 
isrgeti tstrsd stage) for 12 Sorgnam accessions (see 
tk>n). Percentage integumer 




1<'2 1-1 9-2 7^3 3-1 7^1 6-1 2-1 9-1 6-1 4-1 
Sorghum line 

!^3t'«r^ > t - uincs Sc: eta ^.Laae te^ 3d s>j gtion, TF.T) for 12 So?- 

"^os i - s;i V a ao«ess!on iQentifiato Bars represent tn« dtffsr- 
erv*- s.csic-s^ «ge-jnt$gviment maturcv units axj&\ betv«.e«r the dyad stage {MS, Fig- 
4^ and the snmattdn em&ryo sac ttevefopment (SSI S; see Msterlsis and 




Fsgom 7, Apospcsrciu^s sa-d) and dipiosporous (s-f) embryo sac fofmation in Sorghum hybnds (a,b) mc! focal 
pian&s of the sasT^g piSiii showsng ars early 2-nucie3te aposporous embryo sac (hybrid 18 Tab^e 4), sa* Focal 
pisne sncludes m.crcoyiar half af aposporous embryo sac; doubie white arrows = vacuoles, ssngte white srrmvs ~ 
nucies, biask arrcv% ~ deg«neraong niscropylar megaspore. (b) Focai piane includes cnala::si ^.alf o' aposporcus 
siiTibryo sac, ci&uDle D;aci\ arrows ~ degeneja^ng functional megaspore, smgie black arrows - degenerating mega- 
spores 8s>d nuc-Silar celis, (cd) Two heal pjanss of a pistil in hybrid S4 (Table 4) snowjr^g a late 2-nucieate apo- 
sporcjue embryo &ac and adjacent sexual iHTiiicteaie functional megaspore. (c) Foca! ptene sncludes aposporous 
«smbn«J sao; double wh^ arrows = vscaicaes. single white arrows = nucfei, black arrow ~ degenerating mlaopyiar 
megaspore. id) Focal plaj>e includes functional megaspore; double whife arrows « vacuois" single white anxjw » 
nucleus, smgte bfecH anxm » degenera^ng megaspores. (e) Eady diplosporous l-nucteate srntKyo sac (hybrid 
Table 4); white arrows « large micropylar vacuois. (t) Early diplosporous 4-nuc:ieate embryo sac (hybrid 15, 
Table 4), 
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Figtimll. A|)Osporous {a) and dipiosporous (b^ embryo sac formation in hybrtcs and sexual 
©m&fyo ssk; fbrmatson In » parent \\m (g~1) of Tripsscum. (a) Degenerating tetrao arc a»osporous 
inifeSs m TFa x TDDSb {Tabte 3); biack itrom » degenensttng megaspores. white arrows - ®po~ 
spo???us inltjals, (b) Single nuc^te dtfsos^rous embryo sac sn TS50 ^Tabie 3) with t«,<o large 
vaoJoSes. fc) Parmenogenic ^bryo (gkJbular stage) adjacent »o unfertilized cenirai csli (ieft aide 
6f embyo) sn TS50 Jd) 1-Hudeate diplospomus embryo sac in TFa x TDOSa 2-Nuc!eate 
dipiospsrous smbrvo sac sn TDDSb x Tfaf (Table 3). (f) «-Nuc46ate dipSosporous esnbryo sac ;n 
TFc K TDDSH io-if Teti-ad. '>-nucieste sexual eroDryo sac. and 2-nucteat8 sexus; embryo ss::; i-e- 
sp8Ctsv<sl>. sn TCi'iec (Tasie 3) Nois persistance of megaspore nsmnants (biacK srfows) typical sn 
ssxuai 1 and a-nuoeate em&ryo sacs (e, f), vsmtch are not present in dsptosporous 1 snc 2- 
rsucleats smbsyo sacs (dompare vs/5&? b, d, md e). in b-i. white arrows « nuclei, double white ar- 
ro\ws rasuoleS: tmm Btttm = dsgerienating me^aspofes and nuc^Siar ceiis. 
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Figure 14 int^ument growth during the tet- 
rBS throuph mudeate smbryo sac staqe 
(TFri) for eight sexual .Antennsna specfes 
(TaMs 2). Bars represent the dsfferervce in 
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figure IS, Ssxuai spomsotsc and aonormal smbrvo sac formation in Amennam coT'm.'JO^s x .A, rsce/nosa. 
\3) Sexus' ^.€«SC -,5y Sexual Isnesr teirad ws^ normai nuceiiar ceii deveSopmen: !c) f-hiucfeats dspiospo- 
rous enDHfO w^tn vacuoles vQ"' 2~Nuc{eats dipiosporous embryo sac wslb vscuoiss is) 1-Mucieate 
!5exuc5i anabs^'c witrs thnee aposporous initials (White arrowsj. (f) Sexua! or dspesporoi-s. ^4MC with two 
apospofo^s instssis <^,vhste arrowsl ^gs i-Nucieaie sexuai embryo ssc v«th an aposporous mml (white ar- 
row; a-^d tnr«r p^arssient n-sagaspones (see text), (h) 1-Nudeate sexuai embryo sac ws^ one degenerating 
^Qo mo Q^rsi^bi'At ano vacuole mecjaspores. Compare normaf nuceUar (J^eneration In b, o, 4 m6 h witii 
•^tsosporous. nuc^^iisf activsty $n e, f, and g Unless oU^efwse ktdfcated, white asrows » nudei, double white 
8ST0WS ~ vaai:ote§, blas?K Brrom ~ degenerating megaspores. 



Tabte 1< Sp>ec;es, race, accession, country of origin and photoperiod seasitivsty o;' Sorafsi/m 
iines ussdm this study. 



IJsie Spec-ms I race A gcesslon Orlglrs sensltivitv' 

,A!s»un 1-2 djco/of/caudatum RS33817 indis PIO 

IS 2942 2-1 bicoior/mt NSL 51477 PI 

IS 3822 3-1 bicoior NSL 51483 PI 

Kssradsocal 4-1 biooiorlmm Pi 533932 India PIC 

Eartykalo S-l ticom NSL3999 PI 

W®slla«d S-2 ticoior NSL4003 PI 

Dolby 6-1 Mio/or/dufTS Pi 571105 Sudan PS 

7-1 aoi^tohybrsd PI 542649 Austfmlla Pi 

0~75S 7-3 halmns& R 302166 Austnails Pi 

Vlr-SS4§ 9-1 bidJioridiSfm RS62347 Sudan R 

Ijut Ci0f>v©itsd ^OT^ s pix>toi^nod sen$lbv6 line 



n (PP), and latitude of coiiection 
d in this study. 




TDD3 VW12S3 36 LDP 40 

Wm VW2435 36 LDP 28 

im MIA3467S 36 SDP^fest 6 

TF M!A 34719 36 SSP-fast 28 

Ti ? 72 SDP-fesi ? 

TL CM 76-916 36 SDP-siow 16 

TLTP CiftflTSSO 72 SDP-siow 

12 CM.712&^ 36 SDP-siow 17 



ICi^'-CiMMW; vm^-USDA^RS, Woodward, Oklahoma; Ml A==USDA.. Miami, Flsrkia 
"SDP--^shon day plant, LDP^iong day plant; slow and fast^piants require many cteys m 
iy, to flower under.condudve photsperiods 



Tafek 4. Ps:eaufeiicy of aposporous fAl'O), dipiospotous (DW) and total apomktk 
pisd! fomsadoa b hybrids produced ixoxn 12 pasrem" Enes frabie 1) divesgeat xvith re- 
spe<:5: to mi: iloxd dgydopn-.ay t^Ls (sec M;nsm k and Methods). 
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l&m 8, Embryolpgical stage as s fenction of. pistiS length and Tnpsacam species (date comotej from 
UlJianc and Savic^an. 1984; Peel et ai/18§7). 
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